Summary
The aims of this study were to evaluate the antioxidative effect of a traditional Taiwanese vegetable, Houttuynia cordata Thunb. (H, cordata), by subjecting rodents to oxi dized frying oil-induced oxidative stress, and to examine the antimutagenic effects of H. cor data using the Ames test. Forty-eight Sprague-Dawley rats were fed a diet of 0, 2, or 5% H. cordata and 15% fresh oil or oxidized frying oil (OFO) for 28d. Levels of polyphenol in the feces, plasma, and liver were determined. The LDL lag time, plasma total antioxidant status (TAS), and levels of thiobarbituric acid-reactive substances (TBARS) were used as antioxida tive indices, and the protein carbonyl group was used as an oxidative index. The results showed that the polyphenol content decreased in the plasma and increased in the feces when administering OFO, and the apparent absorption of polyphenol also decreased. The polyphenol content in plasma increased when giving H. cordata. There was a higher polyphenol concentration in the water extracts of H. cordata than in the methanol extracts. The OFO-fed groups had higher plasma TBARS and hepatic protein carbonyl group concen trations and shorter LDL lag times than those of the control group. The total TAS was ele vated and the LDL lag time was prolonged when fed with H. cordata. In addition, both water and methanol extracts of H. cordata had an antimutagenic effect on benzo(a)pyrene, afla toxin B1, and OFO, and showed a dose-dependent response using the Ames test. The antimu tagenic ability of water extracts was higher than that of the methanol extracts. In conclusion, the polyphenol in H. cordata is easily absorbed and metabolized by rodents. H. cordata showed both antioxidative and antimutagenic properties under OFO feeding-induced oxidative stress. Key Words Houttuynia cordata Thunb., polyphenol, Ames test, oxidized frying oil Thermally oxidized fat is thought to cause oxidative stress, as it is generally considered to contain potentially toxic lipid peroxidation products that can generate free radicals (1, 2) . Free radicals, especially reactive oxygen species (ROS), are continuously produced in the human body as a consequence of normal metabolic processes. Free radical-mediated lipid peroxidation has been impli cated in a variety of pathological processes (3, 4) , including cardiovascular disease, mutagenesis, and cer tain types of cancer. The overall balance between the degree of oxidative stress and antioxidative capabilities influences the susceptibility of a given organism to oxi dative damage. Increased consumption of vegetables can reduce the risk of various diseases, including can cer and cardiovascular disease (4) . The putative benefi cial effects of the increased consumption of fruit and vegetables have been associated with antioxidant nutri ents and some non-nutrient phytochemicals. According to recent studies, polyphenol, which is plentiful in plants, plays an important role in the defense against oxidative damage (5). Polyphenol is not only an antiox idant, but also an antimutagen (6) . This study was designed to assess the antioxidative effect of Houttuynia cordata Thunb. (H. cordata), a traditional vegetable in Taiwan, in rodents subjected to oxidized frying oil induced oxidative stress, and to examine the antimu tagenic effect of H. cordata using the Ames test.
MATERIALS AND METHODS
Diets and animal care. Houttuynia cordata Thunb. was harvested and gathered at the Taipei Branch of the Taoyuan District Agriculture Improvement Station, in northern Taiwan. The H, cordata was dried with a lyo philizer. One kilogram of fresh H. cordata produced about 150g dry H, cordata powder after lyophilization. The OFO used in this experiment was essentially from the same batch as that used in a previously reported experiment (7) . The OFO diets contained 15g of OFO per 100g of diet supplemented with 0, 2, or 5% H. cor data powder as the 00, 020, and O5O groups, respec tively. The control diets contained 15g of fresh soybean oil per 100g of diet also supplemented with 0, 2, or 5% H, cordata powder as the F0, F20, and F50 groups, * Corresponding author . E-mail: liujenfa@tmu.edu.tw Table 1 .
Composition of test diets.
1 OFO: oxidized frying oil .
2 AIN -93 mineral mixture .
3 AIN -93 vitamin mixture. H. cordata powder, rat feces, plasma, and liver were ana lyzed as in previous reports (9) . Gallic acid equivalent (GAB) was used as the polyphenol content standard (10) . Antioxidant status analyses. The levels of plasma and liver thiobarbituric acid-reactive substances (TBARS) and the liver protein carbonyl group served as indices of oxidative stress in the animals. The analytical methods used were same as those reported previously (11, 12) . In addition, total antioxidant status (TAS) and low-den sity lipoprotein lag time (LDL lag time) were used to evaluate the antioxidant effects of H. cordata. TAS and LDL lag time were assayed according to the methods of Miller et al. (13) and Frankel (14) , respectively.
Antimutagenic analyses. The antimutagenic capacity of H. cordata was evaluated using the Ames test. Afla toxin B1 (AFB1), benzo(a)pyrene (B(a)P), and OFO were and Antimutagenic Capacity of Houttuynia cordata Thunb. 329 The oxidative stress status of the OFO-fed SD rats is shown in Table 5 . OFO-fed rats had higher plasma and the ketone group has the ability to chelate metals, which may account for the marked antioxidant capac ity of H. cordata that increases the radical-scavenging potential during OFO feeding and protects cells against free radical-induced lipid peroxidation. Tables 7-9 show the antimutagenic effect of H. cor data. Both water and methanol extracts of H. cordata had an inhibitory effect on the mutagenicity of Afia toxin B1 (AFB1), benzo(a)pyrene (B(a)P), and OFO to S. typhimurium TA98 and TA100, and also showed a dose dependent response using the Ames test. Generally speaking, the inhibitory ability of water extracts was higher than that of methanol extracts. H. cordata water extracts contained more polyphenol than the methanol extracts (118.62 vs. 76.34mg GAE/mL). In addition, one or more hydroxyl groups exist in the polyphenol structure, making polyphenols quite hydrophilic. Sev eral polyphenols exist in the form of glycosides, and the sugar groups increase their hydrophilia (17) .
Previous studies (21) (22) (23) reportedly found that green tea, grape, and rosemary extracts act to inhibit the mutagenicity of B(a)P, AFB1, and 3-amino-1-methyl -5H-pyrido (4,3-b) indole (Try-P-2). HPLC was used to isolate the phytochemicals from these plants and to per form correlation analyses. It was found that the polyphenol content had the highest correlation coeffi cient (r2=0.895) with antimutagenic effect. This study supports the notion that the antimutagenic effect of H. cordata extract is also due to the rich polyphenol con tent. According to Kensler and Taffe (24) , mutagenicity is related to the levels of reactive oxygen species (ROS) or free radicals. Yen and Chen (25) reported that several natural antimutagenic agents possess an antioxidative capacity. It may be that the antimutagenic effect of H. cordata may also be due to its antioxidative capacity. Cytochrome P450 (CYP450), which exists in liver microsomes, also plays a significant role in mutagenesis. According to Wang et al. (26) , indirect mutagens, such as B(a)P or AFB1, must be activated by CYP450 before they exhibit mutagenic abilities. OFO feeding produced marked xenobiotic-metabolizing enzyme induction, including CYP450, in previous studies (27, 28) , and polyphenol was found to inhibit the activity of CYP450 (data not shown), and might therefore have the poten tial to decrease many CYP450-mediated cancers or chronic disease. The antimutagenic ability of H. cordata may also reflect the inhibitory effect of polyphenols on CYP450 activity.
In conclusion, the results of this study show that H. cordata has both antioxidative and antimutagenic effects on organisms under OFO feeding-induced oxida tive stress. The polyphenol content of H. cordata is likely to be the agent providing protection against oxidative damage and mutation.
